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Disclaimer
The contents of this report were based on the best available information at the time of
publication. It is based in part on various assumptions and predictions. Conditions may change
over time and conclusions should be interpreted in the light of the latest information available.

 Chief Executive Officer, Department of Agriculture Western Australia 2001
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Abstract
An important planning consideration during agricultural or urban development is the risk
of land degradation through soil erosion by water. Land resource mapping projects,
which assess the capability of land for specific land uses, must address this topic for
each land mapping unit.
This report examines water erosion risk and proposes a method whereby this land
quality can be qualitatively estimated for land mapping units of the Darling Range and
Swan Coastal Plain near Perth. Given the principles employed the method (and perhaps
the class limits) could be used for soil or land resource surveys in other areas of
Western Australia. Use of a winter rainfall acceptance parameter. (NERC 1975) within
the method does however limit its usefulness to areas with winter runoff arising from
saturation excess rather than rainfall excess, and to areas which don’t have sloping non
wetting soils.
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1. Introduction
An assessment of water erosion risk to bare soil is a common requirement of land
capability studies. Soil surveys or land resource inventories are usually conducted prior
to any assessment of land capability. These provide a framework of mapping units which
can then be assigned an erosion risk factor for the land use in question. This report aims
to document the development of a method used to assess water erosion risk for areas of
the Swan Coastal Plain and Darling Range near Perth. In these areas the author has
conducted semi-detailed land resource mapping and land capability studies requiring
erosion risk assessment.
Water erosion risk is defined as the intrinsic susceptibility of a parcel of land to erosion
caused by water. It is dependent on climate, landform and soil factors. Erosion risk
ignores land use and land management factors thereby differing from erosion hazard.
Erosion risk is an intrinsic quality of the land whereas hazard is a combination of risk and
land use/management factors (Houghton and Charman 1986).
Water erosion is a process in which soil is detached and transported from the land by
the action of rainfall, runoff, seepage and/or ice. Sheet, rill, gully, streambank and tunnel
erosion are terms used to describe commonly occurring types of water erosion (see
Houghton and Charman 1986).
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2. Other Methods of Assessment
FAO (1983) consider that the most satisfactory methods of erosion hazard assessment
are based on predicting soil losses by modelling the effect of climate, soil erodibility,
slope, slope length, vegetative cover and soil conservation practices. The most widely
used example of such a model is the Universal Soil Loss Equation - USLE (Wischmeier
and Smith, 1978).
The fundamental principle of the USLE is that the predicted rate of soil loss is calculated
on the basis of a series of factors combined for the most part by multiplication. The
factors considered are rainfall and runoff, soil erodibility, topography (slope length and
gradient), vegetative cover and land use and conservation practices. For the present
study however parts of this model are inapplicable. Because erosion risk rather than
hazard is being assessed, land use and management factors are not relevant.
Within the USLE the rainfall and runoff factor is measured by the El30 index. This is the
product of the kinetic energy of the storm B, and the maximum rainfall intensity in a 30
minute duration 130. McFarlane et al. (1986) have mapped mean annual El30 for
Western Australia based on data from each half degree of latitude and longitude. At this
scale however significant differences are unlikely to be observed within areas chosen for
individual land capability surveys. These authors also report that whilst El30 is well suited
for predicting erosion resulting from rainfall-excess, high rainfall intensities may not be
necessary to produce significant erosion when runoff results from saturation—excess.
Saturation—excess runoff is likely to occur in duplex soils which experience winter
waterlogging. Rainfall-excess runoff is likely on fine textured, surface sealing, or non—
wetting sandy soils which have low infiltration capacities. Although the latter soil types
do occur within areas of the Swan Coastal Plain and Darling Range, land resource
mapping and land use studies indicate that they are not subject to water erosion.
Therefore the rainfall erosivity factor (as measured by the El30) is likely to be outweighed
in importance by specific soil or land characteristics when considering relative erosion
hazard of mapped land units.
The soil erodibility factor K within the USLE can be determined using a nomograph
which relates the content of very fine sand and silt (0.002 to 0.1 mm) to the remaining
sand (0.10 to 2.0 mm) and organic matter. Some account is also taken of soil structure
and permeability. However the applicability of K for Australian soils has not been
established (Edwards and Charman 1980) and Elliot et al. (1984) found K to be poorly
correlated with Cs-137 measured soil loss in New South Wales. Furthermore the K
factor usually gives gross underestimates when applied to soils developed on old land
surfaces where the content of fine sand (rather than the silt/clay ratio) is the most
important determinant of soil erodibility (FAO 1983). Therefore for the purposes of this
study the USLE is considered to have limited application and a simple local system is
preferred.
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3. Factors Affecting Water Erosion Risk
A simplified assessment of the relative risk of erosion to bare soil involves consideration
of slope class and soil erodibility. Previous vegetative cover need not be considered and
it is not important whether the land was cleared of its vegetative cover for residential or
for agricultural purposes.

3.1

Slope class

Erosion tends to increase as both gradient and length increases. The shape of a slope
also affects the rate of soil loss (Wischmeier and Meyer 1973). Data on slope length and
shape are not readily available from most land capability studies however slope gradient
is most significant and is an easily obtainable characteristic. Five slope classes have
been determined largely on the basis of those recommended for use during soil and
land resource surveys in Australia by Mc Donald et al. (1984).
These are: Class 1

3.2

Level - Very gentle

0 - 3%

2

Gentle

3 - 10%

3

Moderately inclined

10 - 20%

4

Moderately steep

20 - 30%

5

Steep - Very steep

> 30%

Soil Erodibility

Soil erodibility is a complex land quality. There are intrinsic differences between soils in
respect to their susceptibility to water erosion. These differences relate to soil resistance
to detachment (e.g. structural breakdown as a result raindrop impact, wetting) and to the
infiltration characteristics (which allow it to absorb rain water as it falls and thus limit
runoff). Soil erodibility is therefore the product of two subsidiary qualities, soil resistance
to detachment and rainfall acceptance.
3.2.1 Soil resistance to detachment
The resistance of soil to detachment or breakdown is largely dependent on texture,
structure and dispensability. In New South Wales Charman (1978) described a scheme
for assessing relative soil erodibilities in which values for textural groups, grades of
structure and aggregate stability classes (Emerson 1967) were multiplied to derive a
measure of soil resistance.
While texture is undoubtedly relevant to soil resistance, surface structure and aggregate
stability are generally not so important because most soils of the Swan Coastal Plain
and Darling Range have a relatively sandy or apedal soil surface. An exception to this
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rule are the well structured self mulching clay soils which are amongst the most erodible
as the aggregates have a lower bulk density (e.g. 1.4 t/m3) compared to primary
particles (2.65 t/m3) (McFarlane pers. comm.). Other factors which are relevant to
resistance to detachment or breakdown are surface gravel and stone cover, soil surface
condition and surface structure.
3.2.2 Rainfall acceptance
The ability of a soil to absorb rain as it falls and prevent runoff is an important
determinant of water erosion in Western Australia. This is due to the prevalence of
erosion caused by runoff resulting from saturation-excess rather than by the force of
high intensity rainfall. Runoff produced by saturation-excess is likely to occur in areas
with duplex soil types or at groundwater discharge sites for example. The alternative
situation, where runoff occurs due to rainfall-excess, is expected on soils which are
either heavy textured or subject to surface sealing, compaction or non-wetting.
McFarlane and Davies (1988) have conducted a review of methods for including a soil
parameter in runoff prediction in Western Australia. They suggest a locally relevant
parameter to rate the ability of soils to absorb rainfall and limit runoff might be derived
from a modification of the ‘winter rainfall acceptance’ method of the National
Environment Resource Council (NERC) in the U.K. (NERC 1975). However a major
limitation to the use of such a parameter is that summer runoff and erosion due to nonwetting and surface sealing soils, would not be included in the classification.
It is recognized that the non-wetting nature of many sandy soils is responsible for
surface runoff. Within the Swan Coastal Plain and Darling Range these soils are
however largely restricted to flat or very gently sloping areas where water erosion rarely
occurs. In addition the non-wetting problem will vary within mapping units of the one soil
type. This is because it is caused by a range of hydrophobic organic materials including
fungal hyphae (Bond and Harris 1964) humic acids (Roberts and Carbon 1972) and
remnant hydrophobic organic matter (e.g. leaf litter) (McGhie 1980). The presence or
absence of these materials is likely to be related to land use and management practices
within areas of any one soil type. It is recognized however that coarse surface soil
texture is also a predisposing factor.

5

A METHOD OF ASSESSING WATER EROSION RISK IN LAND CAPABILITY STUDIES

4. Proposed Method of Assessment
The proposed method of assessment is outlined in Table 1. Water erosion risk is
determined by combining a slope class and a soil erodibility rating. The latter is
determined from soil resistance to detachment and runoff producing factors (rainfall
acceptance) which in turn are derived using land resource survey data on the soil or
land characteristics listed.
Table 1. Schematic outline of method
Water Erosion Risk1 (Table 5)
Soil erodibility2 (Table 4)

Slope class
• slope gradient

Soil resistance to detachment
(Table 3)
•
surface texture
•
surface stone or gravel
•
surface condition

•
•
•
•

Rainfall acceptance
(Table 2)
waterlogging class (drainage)
depth to impermeable layer
slope gradient
permeability above
impermeable layer

1.

Modified according to whether or not map unit receives excess runoff from adjacent
areas.

2.

Modified according to whether or not laboratory data or field observations indicate
highly erodible subsoil.

The procedure is as follows:
•

Determine a rainfall acceptance index using Table 2. This is a version of the NERC
method with slight modifications to the slope, depth and permeability classes to
permit ready correlation with standard terms of Australian soil and land resource
surveys (McDonald et al. 1984).

•

Determine a soil resistance rating using Table 3.

•

Combine the rainfall acceptance index with the soil resistance rating to determine
soil erodibility using Table 4. Note that erodible subsoils may modify ratings (see
Footnote to Table 4).

•

Determine slope class and combine with the soil erodibility rating to determine water
erosion risk using Table 5. Note that topographic position may modify ratings2 (see
Footnote to Table 5).
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Table 2. Classification of winter rain acceptance rate (after NERC 1975)
Water
logging
class

Depth to
impermeable
layer (cm)

Slope classes
(0-5%)

(5-15%)

Permeability above impermeable layer
(1)

(2)

(3)

(1)

(2)

(3)

(1)

(2)

(3)

Rapid

Med

Slow

Rapid

Med

Slow

Rapid

Med

Slow

1

2

3

1 (> 100)
1

1

1

2 (50-100)
3 (< 50)

-

2
-

-

-

1 (> 100)
2

-

2 (50-100)

2

3 (< 50)

3

3
-

-

4
-

-

-

3

4

1 (> 100)
3

(> 15%)

-

2 (50-100)

5

-

3 (< 50)
Winter rain acceptance indices (in body of table):
1.

very high: 2. high; 3. moderate: 4. low; 5. very low

Class definition and modifying conditions (corresponding terms used in Western
Australian land resource surveys shown in brackets where appropriate):
Waterlogging class:
1.

Rarely waterlogged within 50 cm at any time (rapid to moderately well drained)

2.

Commonly waterlogged within 50 cm for short to moderate periods during winter
(imperfectly or poorly drained)

3.

Usually waterlogged within 50 cm throughout winter (very poorly drained)

Depth to ‘impermeable’ layers (or to 100 cm):
•

Clay subsoil generally considered impermeable unless it is well structured (except
expansive soils) or stoney.

•

For shallow soils (< 50 cm) overlying rubbly laterite, depth class may be
increased to rating 2 (equivalent to 50—100 cm) because preferred pathways
through duricrust (Johnston et al. 1983) will assist downward percolation.
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•

For shallow soils overlying limestone in pinnacle rather than sheet form, depth
class may be increased to 2 due to variable true depth and likelihood of preferred
pathways.

Permeability above ‘impermeable’ layers:
This is estimated using definitions in McDonald et al. 1984. Terms are:
1. Rapid (Rapid-Very Rapid); 2. Medium (Mod. Rapid-Mod. Slow); 3. Slow (Slow)
Table 3. Ratings for surface soil resistance to detachment or structural
breakdown by water
Surface texture
group*

Surface gravel or
stone

Sands - sandy
loams
(1 - 2)

nil – few
(0-10%

Surface condition (dry) Soil resistance

soft or loose
firm or hard

Low Moderate

Moderate
common or more
(> 10%)
Sandy loams loams
(2 - 3)

nil - few
(0 - 10%)

soft
firm or hard

Low Moderate
Moderate

common or more
(> 10%)
Loams - clay loams
(3 - 4)

nil - few
(0-10%)

Moderate

common or more
(> 10%)

High

Clay loams – medium heavy clays
(4 - 6)

firm or hard
self mulching

High
Low

* Note — A range of soil texture groups is given to encompass possible variations within
a mapping unit. If however surface textures fall entirely within one texture
group, soil resistance is determined from the uppermost row in which the
texture group appears.
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Table 4. Soil erodibility ratings for water erosion
Winter rainfall
acceptance index
(from Table 2)

*

Soil resistance to
detachment or breakdown
(from Table 3)

Soil erodibility
rating *

1

Very high

High
Moderate
Low

Low
Low
Low

2

High

High
Moderate
Low

Low
Low
Moderate

3

Moderate

High
Moderate
Low

Low
Moderate
Moderate

4

Low

High
Moderate
Low

Low
Moderate
High

5

Very low

High
Moderate
Low

Low
Moderate
High

Increase rating from bow to moderate, or moderate to high if necessary following
observation of existing erosion or non—wetting surfaces. Also increase if laboratory
data such as exchangeable sodium percentage or very fine sand and silt content
indicate erodible subsoils. These factors have not been directly taken into account
within the main body of the table because primary consideration has been given to
the risk of initiating soil erosion following surface disturbance, and to determining
that risk through easily obtainable field characteristics.
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Table 5. Water erosion risk ratings
Slope class

Soil erodibility rating
(from Table 4)

Water erosion
rating *

1

(0-3%)
Level – Very Gentle

High
Moderate
Low

Very Low
Very low
Low

2

(3-10%)
Gentle

High
Moderate
Low

Low
Moderate
Moderate

3

(10-20%)
Moderately inclined

High
Moderate
Low

Low
Moderate
High

4

(20-30%)
Moderately steep

High
Moderate
Low

Moderate
High
Very High

5

(> 30%)
Very low

High
Moderate
Low

Moderate
Very High
Very High

* Increase from low to moderate, moderate to high etc. as considered necessary where
band unit receives or concentrates excessive runoff water and hence will be more
susceptible to erosion.
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